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Fig.  1.  A simple equivalent circuit of the  magnetic  stimulator
system.
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Abstract - Magnetic nerve stimulation  has  proven to be an
effective non-invasive technique that can be used to excite
peripheral and central nervous systems.  In this technique, the
excitement of the neural tissue depends on exposing the body to a
transient magnetic field.  This field can be generated by passing a
high pulse of current through a coil over a short period of time.

This paper presents general guidelines for designing and
constructing a magnetic stimulator.  These guidelines cover
theoretical concepts, hardware aspects and components required
to build these systems.  The critical points discussed  in  this paper
are based on key findings and difficulties encountered during the
process of building the system used for this study.  Furthermore,
some suggestions were addressed to improve future designs.
Keywords - magnetic nerve stimulation, stimulating system design,
stimulating waveforms.

I.  SYSTEM DESIGN:  GENERAL CONSIDERATIONS

In previous work we proposed two types of stimulating coils
with the objective of improving the coil performance [1].
To evaluate and compare the proposed coils with Figure-8 coils
(the type commonly used in clinical and experimental
applications) a magnetic stimulator system was built.

Magnetic stimulators employ two major components: a pulse
generator and a stimulating coil that couples the energy from
the pulse generator to the target nerve via a magnetic field.  A
typical stimulating circuit is a combination of a switching
circuit and a capacitor bank.  The capacitor is charged from a
power supply with high voltage and then its energy is
discharged into the stimulating coil [2,3].  Fig.  1 shows a
simple diagram for a stimulating circuit where (L) represents
the inductance of the stimulating coil, (R) is the total resistance
of the discharge circuit, and (C) is the capacitance of the
capacitor bank.

Of the three components, the coil inductance (L) can not be
changed as its value is predetermined by the coil design. The
value of the coil inductance determines the peak value of the
pulsing current as well as the amount of energy stored within
the coil.  An extremely large inductance reduces the coil current
which results in an insufficient induced current within the
nerve.  On the other hand, an extremely small inductance
(despite the high pulsing current passing through it) will not
stimulate a nerve as its stored energy is inefficient for triggering
[4]. Therefore, when designing a magnetic stimulator, careful
selection of the coil inductance is critical in order to achieve the
required level of stimulation.  Typical values of commercial
coils range between 10 and 30 FH.

The circuit equivalent resistance (R) should be maintained at
a low value in order for the circuit to generate the desired
output (high pulsing current) while maintaining minimum
losses.  Nevertheless, in some designs, an external resistance
can be added to the discharging circuit in order to achieve a
monophasic waveform.  The alternative to adding the resistor
is to increase the value of the charging capacitor. Due to the
weight, size, and cost of these capacitors, it is obvious that
adding a resistor to the circuit is more practical.  This becomes
evident considering that a monophasic stimulus is mainly used
for single-pulse investigation (low losses) and is rarely used for
repetitive stimulation (high losses). Typical values of (R) range
between 0.1 and 0.2 S.

The charging capacitor (C) is a pulse charge-discharge type
capacitor that is specially designed for such applications and is
relatively expensive when compared to equivalent ratings of DC
or AC capacitors.  This capacitor represents the main parameter
that can be used to control the circuit current.  If  the capacitor
value is increased, then the pulsing frequency will decrease.
This decreases the rate of flux change in the stimulating coil to
a point where it may not be able to excite the nerve.
Conversely, decreasing the capacitor value increases the pulsing
frequency to a point where the excitation field is faster than the
time needed by the neuron to be triggered.  In other words, the
current rate of change (frequency) is bounded by the nerve
depolarization time (for peripheral nerve it is between  0.1 and
0.5 msec)[5].  Accordingly, the circuit frequency ranges
between 2 and 10 kHz. 

Equation (1) can be used to calculate the (approximate) value
of the capacitor required for the stimulating system (assuming
the equivalent circuit resistance (R) is small):
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Fig.  2.  A Block Diagram of the different stages in a magnetic stimulator.

where f  represents circuit pulsing frequency 
L represents coil inductance
C represents circuit charging capacitance 

Typical values for the capacitor (C) (considering both
waveforms:  monophasic  and  biphasic) range  between 50 and
400 FF, with a maximum voltage of 3 kV [6].

II.  MAGNETIC STIMULATOR: HIGH CURRENT PULSE
GENERATOR

The main parameters that define the current pulse generated
by magnetic stimulators are: pulse type, peak value, duty cycle,
rise and fall times, and rate of repetition.  Considering all these
parameters, the ultimate objective is to have a pulse with a rate
of change adequate to excite the targeted nerve. Typical
effective rates of change range between 30 and 100 A/Fsec [7].

Fig.  2 shows a block diagram that represents the different
stages within a magnetic stimulator system.  These stages can
be grouped into the following clusters:

A.  Input stage

This stage provides the system with: rectification, filtering,

conditioning, and protection.  The output of this stage is
typically a DC voltage which supplies the inverter stage.  Also,
the input stage supplies the power required for the control
circuits.  A typical input voltage for this stage is 120-240 V
while its DC output ranges between a low level  of  5-15 V for
circuit biasing, and a high level of 200-400 V for charging the
main capacitor.    

B.  Inverter stage

The inverter stage converts the DC voltage (provided by the
input stage) to a high frequency AC voltage.  The reason for
switching to high frequency is to reduce the  size of the storage
capacitors and the HV transformer which are supplied by this
stage.  The high frequency ranges from 25-100 kHz.
Accordingly, MOSFETs are recommended for this stage due to
their high switching capabilities.

C.  Step-up voltage stage

The function of this stage is to step-up the voltage using high
frequency power transformers.  This type of transformer
requires more care during the fabrication process compared to
conventional transformers.  For instance, in addition to the
typical parameters that must be considered (volts/turn ratings,
layer to layer insulating ratings, type of insulating material, and
thermal dissipation), careful attention should be paid to leakage
flux, winding geometry, and parasitic leakage capacitance.
These constraints are the result of using high frequency. 
Furthermore, due to the high frequency, the core of the

C '
1

L(2B f )2
(1)
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Fig.  3.  Magnetic Stimulator System.

Fig.   4.  Switching Stage and Capacitor Bank.

transformer should be made of a ferrite material.  The turns
ratio of the transformer  depends on the input voltage and the
required output voltage.  Turns ratios range between 1:5 and
1:10. 

D. High voltage stage

This stage is responsible for rectifying and filtering the high
frequency AC signal supplied by the step-up transformer.  The
output of this stage (DC voltage) is used to charge the system
main capacitor.  In order to maintain the voltage of the main
capacitor according to the required level of stimulation, this
stage provides feedback to the control stage.  In other words,
this stage  monitors the voltage of the main capacitor and sends
this value to the control stage.  The control stage will  compare
it to the reference level (set by the user) and  charge or
discharge the capacitor. 

The rectification and filtering process in this stage utilizes
high voltage fast recovery diodes and capacitors. It is crucial to
use these types of diodes in this stage in order to provide the
system with fast switching capability.  All the components in
this stage should be isolated from ground level by 8 kV to
prevent any voltage breakdown (arcing).

E.  High voltage switching circuit

The main function of this stage is to switch the DC voltage
stored in the main capacitor and deliver it to the stimulating
coil.  It is imperative that high insulating, isolating  and
shielding (electrically and physically) are maintained at all
times in this stage.  For practical purposes an SCR is an
excellent choice to obtain the required pulses [8].  The key
points when selecting an SCR are: the rated peak reverse
voltage must be at least double the voltage stored across the
capacitor, and the maximum searching current must be 
10 kAmps or higher. Thermal considerations and heat
dissipation should also be considered when constructing this
stage.  The switching of the SCR can be achieved by using a
pulse transformer.  The isolation of this transformer should be
rated at 8 kV or higher to ensure complete isolation between
this stage and the trigger source (the control stage). 

F.  Load interface

This stage represents the interface between the stimulator
system and the coil.  Also, this stage provides feedback and
monitoring signals (coil temperature and  connection) which are
usually processed by the control circuit.  All of the components
in this stage are typically insulated from the ground level. 

To monitor the coil temperature a small thermistor is usually
embedded in the coil assembly.  The signal  generated by this
thermistor is used to drive an indicator (LCD).  If the coil
temperature exceeds the maximum rated value the indicator will
issue a warning.  Also, in the event of losing the voltage
(provided by the thermistor) due to a faulty circuit, the control
circuit will monitor the voltage level and indicate that an error
has occurred in that stage.  With regard to the coil connection,
a micro-switch can be used.  If the coil is not connected
properly to the system, a warning will be issued by the control
stage.

G.  Control stage

The control stage represents the link to all the stages.  The
basic requirement every control circuit must meet is to precisely
regulate the system output  to the required level of stimulation.
This can be achieved through feedback loops that monitor the
output voltage and current then compare them to the desired
(reference) output.  The difference (error) between the feedback
and the reference will cause a change in the  control stage that
results in a change of power delivered to the load.  In a
magnetic stimulator, the control stage handles all the
monitoring, decision and displaying aspects of the system.  This
includes the level and the timing required for the pulse, the
pulse shape, and the rate of repetition.  The control circuitry can
range from a few ICs to a microprocessor controlling and
monitoring all aspects of the system.  Fig.  3 shows the system
that was constructed for this study.  Fig.  4 shows the switching
stage and the capacitor bank.
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III.  CRITICAL ISSUES

1) The key challenge in achieving a reliable control for a
magnetic stimulator is to prevent noise from interfering with the
signals handled by the control stage.  The sources of noise are
due to the high dI/dt and dV/dt created during switching.  The
best approach to reduce the noise is to have a resonant
switching topology.  This can be achieved by adding inductors
to the input of the stages that handle high power signals.
Furthermore, to prevent the noise from affecting the logic
circuitry good shielding practices and a low ripple on the bias
voltage are essential.

2) Another critical issue that must be considered is isolation.
There are many feedback circuits utilized by this system such
as current and potential transformers, shunt and voltage divider
resistors.  Regardless of the type of circuit used for feedback,
it is important to maintain high isolation between the high and
low voltages.  For the system discussed in this paper, isolating
transformers and opto-couplers were implemented.  This
ensured a safe operating system and proper protection in case
of fault.

3)  The main criterion of a stimulator is to create a pulse with
adequate energy to excite the targeted nerve.  This  should be
applicable for both singular and repetitive stimulation.
However, with repetitive stimulation heat build up occurs in the
system components, therefore, proper cooling is essential for
the system to dissipate the heat [9].  The cooling process can be
achieved using heat sinks in conjunction with forced air (fans).

4) The control circuit provides the time period for the pulse
duration and the rate of stimulation.   The main limitation of
increasing the rate of stimulation is the build up of heat in the
coil.  This build up occurs so quickly that it  requires using
more than one coil per session.  One solution to this problem is
to use an external cooling system to aid in thermal dissipation
[9].

5) In addition to the issues addressed above, cost and reliability
are other items that should be considered when building these
systems. 

IV.  SYSTEM SAFETY

Patient and operator safety is the primary concern when using
magnetic stimulation because of the high energy transferred by
the system.  In particular, the main concern is coil failure
because of the coil proximity to both the patient and the
operator.  Therefore, when designing these types of systems
special attention needs to be given to electrical hazards (coil
malfunctioning).  

Special attention must be given to patients with any implants
(pacemaker, metal pins) as unexpected responses  may occur
[7].  In addition to the above, hardware safety is crucial to
prevent any damage that might occur and to maintain system
longevity.

V.  SUGGESTIONS FOR FUTURE DESIGNS

This paper has briefly discussed the design and practical
issues related to magnetic stimulators.  To improve future
designs, the following suggestions  may be considered. 
1) Using a capacitor bank with variable values. This will allow
controlling the waveform shape and stored energy.
2) Using a micro controller in the control stage to handle  most
of the tasks through software instead of hardware.  This
translates to a flexible system that is easy to upgrade.
3) Interfacing a computer with the system for system
diagnosing,  and maintaining a data base for the patients. 
Some of the suggestions listed above have already been
implemented in our system.

 ACKNOWLEDGMENT

This work was supported by a grant from the Natural
Sciences and Engineering Research Council of Canada.

 REFERENCES

[1] N. Al-Mutawaly, R.D. Findlay,“A novel coil design for
magnetic nerve stimulation”, Canadian Conference on
Electrical and Computer Engineering, Waterloo, Canada,
24 -28 May, 1998. 

[2] L.L. Freeston, A.T. Baker, R. Jalinous, M.J.R. Polson,
“Nerve stimulation using magnetic fields”, IEEE Frontiers
of Engineering and Computing in Health Care, 1984.

[3] R. Jalinous, “Guide to magnetic stimulation”, Jali Medical,
Inc.  1996.

[4] D. McRobbie, “Design and instrumentation of a magnetic
nerve stimulator”, The Institute of Physics, 1985.

[5] A.T. Barker, W.C. Garnham, I.L.  Freeston,  “Magnetic
nerve stimulation: the effect of waveform on efficiency,
determination of neural membrane time constants and the
measurement of stimulator output”, Magnetic Motor
Stimulation: Basic Principles and Clinical Experience
(EEG Suppl. 43), Editors: W.J. Levy, R.O. Cracco, A.T.
Barker, and J. Rothwell, 1991 Elsevier Science Publishers,
B.V.

[6] R. Jalinous, A.T. Barker, I.L. Freeston,“The design,
construction and performance of  a magnetic nerve
stimulator”, Royal Hallamshire Hospital, Sheffield and
University of Sheffield, UK.

[7] Dantec Inc., “DANTEC Magnetic stimulator MagPro”,
User Manual and Technical Data. 

[8] E.W. Wolf, C.F. Walker, “Design and practical
consideration in the construction of magnetic induction
stimulators”,  Annual International Conference of the IEEE
Engineering in Medicine and Biology Society, Vol 13, 
No 2,1991.

[9] J. Cadwell, “Optimizing magnetic stimulator design”,
Magnetic Motor Stimulation: Basic Principles and Clinical
Experience (EEG Suppl. 43) 1991 Elsevier Science
Publishers, B.V. 


	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


